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Factors of instability of toppling unstable
rocks subjected to tensile and shear stresses

HE Qiang, WU Lizhou, LI Bu, WU Huadeng
( State Key Laboratory of Geohazard Prevention and Geoenvironment Protection,

Chengdu University of Technology, Chengdu 610059, China)

Abstract; Toppling failure of unstable rocks was analyzed using fracture mechanics. Based on tensile-shear fracture
tests of rock samples, fracture initiation and propagation mechanisms under loading were analyzed, and crack
propagation during the fracture process was investigated. The effects of the crack length, width, and inclination
angle as well as the loading point on the failure mode and stability of unstable rocks were discussed. An
overhanging rock, the Taibaiyan unstable rock in Wanzhou District of Chongqing City was used as a case study.
The stress state of crack tips under different cracking conditions was calculated using the finite element software
ANSYS, the relationship between the complex breaking stress intensity factor and stress state was discussed, and
the dynamic process of crack propagation was simulated. Results show that, during the processes of tension, shear,
and toppling failures of unstable rocks, tensile stresses were concentrated at creak tips, unstable rock cracking was
first induced by tension failures, and shear-compression failures occurred at the bottom. The sensibilities of the
factors to the instability of unstable rocks were ranked in an descending order as follows: the loading position, crack

length, crack inclination angle, and crack width.

Key words; unstable rock ; main structural plane; tensile-shear fracture test; numerical calculation; crack propagation;

Taibaiyan in Wanzhou District of Chongqing City
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Table 1 Crack parameters for tensile-shear fracture tests
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Fig.3 Complete displacement-load curves of rock samples with different crack lengths
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Fig.5 Maximum principal stresses for different crack lengths
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Fig. 6 Maximum principal stresses for different crack widths
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Fig.7 Maximum principal stresses for different crack inclination angles
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Fig. 10 Failure modes of rock samples for different crack lengths

4% ®

a. PR AN R TRT S B0 A 237 D0 R MR L B AT 2 6 SR AR ) T B AR, iy DR 3~ SR o /MR
U A BB ROV L REUA RETEE

b. BB RN B 75 5 A0 52 IR R v, 2R B BRI ) 4R v, A 1 FF 2SR BLBR I 16, T &%
H L BRI

c. ARRIFRSZ T BB B Y s T4 4 1 1 W R IR R, SR LI — A B R TR BUR I, B 4
1] e 2 L, Fi e 1] 20 s 2 o R v B, 0TI R ) U 1) (2 A% R T Hak i i 4%

d. G BRI A B T3 07 i 7 R SGR 240 R M HLELL, — F A5 BIAY45 R — 20 Tk 7RI R A
IREE R I o



242 RTINS S S QNG S RF /S 8 45 %

S 30k :

(1] BRUEDL, RELiiy, £4%. =R ERE M Bk &M LT ] A %5 TRER ,2004,23(4) :614-619. (CHEN
Hongkai, TANG Hongmei, WANG Rong. Calculation method of stability for unstable rock and application to the three Gorges
Reservoir[ J]. Rock Mechanics and Engineering, 2004,23(4) ; 614-619. (in Chinese) )

(2] JHLLHy, WPUbE, WRIEEL. & s 32 92 45 0 T 400 4 — 0T 2B EL BT 7 [ ], 3 DRSS ~4 Bie 7 41t , 2005, 24 (4 ) - 84-87.
(TANG Hongmei, YE Sigiao, CHEN Hongkai. Research on numerical simulation of damage-fracture process of control fissure in
unstable rock[ J]. Journal of Chongqing Jiaotong University, 2005, 24(4) . 84-87. (in Chinese) )

(3] vk, AR, £o7,5%. FuEFmfaa e tEmsgl]. ARKIL,1994(9) :48-53. (SUN Yunzhi, REN Zimin,
WANG Li, et al. The Fengjie plums dangerous rock mass stability studies[ J]. Yangtze magazine, 1994 (9). 48-53. (in
Chinese) )

[ 4] i, ook fEamiaEttmss G EmInkatl]. &1 %%,2002,23(6) :775-777,781. (XIE Quanmin, XIA
Yuanyou. Comprehensive assessment method of stability of critical rock-block mass and its application[ J ]. Rock and Soil
Mechanics, 2002, 23(6) : 775-777, 781. (in Chinese) )

[ 5] XT4E, miERk. EafaErtE R TEMmmisT]. B THE,2014(6) :51-57. (LIU Weihua, HUANG Rungiu. Study on
quantitative evaluation of perilous rock stability[ J]. Subgrade, 2014(6) : 51-57. (in Chinese) )

[ 6 ] BRAATHEN A, BLIKRA L H, BERG S, et al. Rock-slope failure in norway: type, geometry, deformation mechanisms and
stability [J]. Norweigian Journal of Geology, 2004, 84(1) : 67-88.

(71 BRUEEL, RECMy. fos EEAmmm S 8ot r (1], TR B =4 ,2008,16 (1) :37-41. (CHEN Hongkai, TANG
Hongme. Method for calculating strength parameters of structural planes controlling the rock block stability [ J]. Journal of
Engineering Geology, 2008, 16(1): 3741. (in Chinese) )

[ 8] BRULDL, Sfpted, LM foa e Ml R At Borik (1], wIR K74, 2009,32 (4) :434-437,452. (CHEN

Hongkai, XIAN Xuefu, TANG Hongmei. Stability analysis method for perilous rock by fracture mechanics [ J]. Journal of

Chongqing University, 2009, 32(4) . 434437, 452. (in Chinese) )

g, LA fEE N R R R AR [T ] LR R 244, 2013,21(2) :236-242. (LI Jiahao, WU Lizhou.

Calculation of stress intensity factor of unstable rock [ J]. Journal of Engineering Geology, 2013, 21 (2): 236-242. (in

Chinese) )

[10] XU TiAe, M, B0k, 55 R0 P /K i AR 300 DX g 30 34 1 2 TR 03 26 B R e PP [0 ] ZK /K i B F Ji, 2008 , 28
(4):48-51. (LIU Weihua, LUO Qian, HUANG Runqiu, et al. Quality classification and stability evaluation of unstable rock
mass on high rock slope of Xiluodu Hydropower Project| J]. Advances in Science and Technology of Water resources, 2008, 28
(4): 48-51. (in Chinese))

[11] 2@, FFEA. AAWRA B IM]L duat: P EBRAHOR KA A, 2010,

[12] CHEN H K, TANG H M, YE S Q. Research on damage model of control fissure in perilous rock [ J]. Applied Mathematics and
Mechanics, 2006, 27(7) :967-974. (in Chinese) )

[13] shEAT A ATTERE. Wi B T LM . JEst: Bl i, 1993.

(14] WRUtSL, SHEA, LA, o s sl B OL a2 g2 2o ()], 8RS A4k ,2006,28 (5) :101-105. ( CHEN Hongkai,
HU Ming, TANG Hongmei. Fracture mechanics analysis of control fissure of bolted perilous rock [ J]. Journal of Chongqing
Jianzhu University, 2006, 28(5) : 101-105. (in Chinese) )

[15] Bas, AR BETHEAEMBIMENN IR ERTFHAEL]]. HEMN=S RFEFEM(BRBFM) ,2015,29(1)
42-48. (GONG Jingquan, ZHANG shaoqin. Computation of the stress intensity factor based on the interaction integral method
[J]. Journal of Nanchang Aeronautical University ( Natural Science) , 2015, 29(1) ; 42-48. (in Chinese) )

[16] H¥, Z1EX%. REAREA G IETESS BT 2L th i [T . TH5 Jp 272440, 2008 (35 1) 1) :16-19. (XTAO Tao, ZUO
Zhengxing. Application of virtual crack closure technique in structure fracture analysis[ J]. Journal of Computational Mechanics,

2008 (Supl) : 16-19. (in Chinese) )

[9

[



